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Materials
Unless otherwise stated, all chemicals in this research were commercial available and used without further purification. Terephthaladehyde, pyrrole, benzylamine, cyclohexylamine, decalin, benzonitrile, pentadecane, ethyl levulinate, levulinic acid, γ-valerolactone were obtained from Aladdin Industrial Inc. (Shanghai, P.R. China). Methyl levulinate was ordered from Energy Chemical (Shanghai, P.R. China) and 5-methyl-2-pyrrolidinone was purchased from J&K Chemical (Shanghai, P.R. China). Sodium bicarbonate, ammonium carbonate, propanoic acid, methanol, tetrahydrofuran (THF) and dichloromethane were chemically pure and purchased from Sinopharm Chemical Reagent Co. Ltd. (Shanghai, P.R. China). Triruthenium dodecacarbonyl [Ru3(CO)12] was ordered from Strem Chemicals (New Buryport U.S.A). Iridium(III) chloride hydrate (IrCl3xH2O) and rhodium(III) chloride trihydrate (RhCl33H2O) were obtained from Shanghai Jiuling Chemical Reagent Co. Ltd. (Shanghai, P.R. China). High-purity multi-walled carbon nanotubes (CNTs, OD: 10~20 nm, Length: 10~30 um) were obtained from Chengdu Organic Chemicals Co. Ltd., Chinese Academy of Sciences (Chengdu, P.R. China).
Product analysis
Gas Chromatography (GC) analysis of liquid samples was performed on FL 9790II gas chromatograph equipped with a 30 m KB-5 column (internal diameter, i.d. 0.32 mm) and a flame ionization detector (FID). Gas samples were analyzed by Shimadzu 2010 gas chromatograph equipped with a thermal conductivity detector (TCD). The GC temperature program is consisted of 5 min at 60 °C, a ramp of 10 °C min 87, 53.41, 41.77, 30.48, 26.97, 20.83, 19.93, 11.51 . 53, 53.17, 39.66, 30.29, 29.47, 26.75, 20.12, 19.72, 13.73 . δ 174. 49, 53.12, 39.87, 31.63, 30.20, 29.10, 27.29, 26.75, 22.47, 19.64, 13.91 . 13 C NMR (101 MHz, 25 C, CDCl 3 ) δ 175. 34, 136.96, 128.80, 128.17, 127.61, 53.07, 44.12, 30.44, 26.84, 19.76 . = 30.4, 26.7, 13.9, 6 .6 Hz, 2H), 2.00-0.97 (m, 13H).
13 C NMR (101 MHz, 25 C, CDCl 3 ) δ 174. 97, 53.19, 52.80, 31.89, 30.38, 30.16, 27.56, 26.04, 25.99, 25.63, 22.43. 
